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(57) Abstract 

PURPOSE: To provide a gas turbine, for which a catalyst 
combustor for shortenhg the time required for warming a 
catalyst therein, is used. 

CONSTITUTION: At the time of starting a gas turbine, a 
circulation shut-off vafve RV provided on a circulation 
channel RP is 'opened 1 , and an exhaust shut-off vafve EV 
provided on an exhaust channel EP is 'closed*. The 
combustion gas generated in a combustor CC is 
circulated into the intake port of a compressor CP 
through the circulation channel, and ts fed to the 
catalyst combustor again in a compressed form, and the 
catalyst in the catalyst combustor can thus be warmed up 
promptly. 
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(57) Abstract 

OBJECTIVE: The present invention provides a gas turbine utilizing a catalyst 
combustion chamber, thereby reducing the time required for heating a catalyst therein. 

CONSTITUTION: At start-up of a gas turbine, the reflux shut-off valve (RV) 
provided on the reflux passage (RP) is "opened" and the exhaust shut-off valve (EV) 
provided on the exhaust passage (EP) is "closed". The combusted gas generated in the 
combustion chamber (CC) passes through the reflux passage to reach the inlet of the 
compressor (CP), where the gas is compressed and fed to the catalyst combustion 
chamber again. The catalyst in the catalyst combustion chamber of a compressor is thus 
quickly heated in the catalyst combustion chamber. 



Translator's note: 

The term "goguchi catalyst" is translated as "NOx removing catalyst" both in this 
specification and drawings based on the inventor's definition in paragraph 009. 
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WHAT IS CLAIMED IS: 



Claim 1 : A gas turbine that adopts a catalyst combustion chamber as a combustion 
chamber and comprises a heat exchanger for heating a compressed gas utilizing a gas 
exhausted in an output turbine, said gas turbine further comprising a reflux passage such 
that a catalyst at a temperature below its active temperature in said catalyst combustion 
chamber is fed to the inlet of a compressor. 
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DETALIED DESCRIPTION OF THE INVENTION 

0001 

TECHNICAL FIELD 

The present invention relates to a gas turbine that utilizes a catalyst combustion 
chamber. More specifically, it relates to a gas turbine utilizing a catalyst combustion 
chamber that is capable of reducing the time required for heating a catalyst and of 
improving fuel efficiency. 
0002 

RELATED ART 

In order to mitigate generation of nitrogen oxides resulting from combustion of a 
fuel in the combustion chamber of a gas turbine; a catalyst combustion chamber has been 
proposed that bums a fuel by a catalyst reaction and not by flame combustion. To 
continue combusting a catalyst, the catalyst in the combustion chamber must be heated 
beyond a given temperature. A general approach to fulfill this requirement is to heat the 
catalyst to cause flame combustion at the start-up stage of gas turbine operation. 
0003 

The flame combustion generates nitrogen oxides and it is essential to heat a 
catalyst quickly [to minimize generation of nitrogen oxides]. To fulfill this requirement, 
a heat exchanger that utilizes an exhaust gas to heat compressed air is proposed as a 
means to reduce the time required for heating a catalyst (See unexamined Japanese 
Utility Model Publication No. S61-144370). 
0004 

PROBLEMS THE INVENTION INTENDS TO SOLVE 

Nonetheless, in the above invention, air is directly blown into the compressor, and 
as a result, the heating rate of air supplied to the combustion chamber is very small even 
though the amount of the exhaust gas is small at the start-up stage of the gas turbine. 
Inevitably, the time required for flame combustion becomes a time consuming process. 
0005 
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The present invention overcomes the above problems. The object of the present 
invention is to provide a gas turbine utilizing a catalyst combustion chamber that is 
capable of reducing the time required for heating a catalyst in a combustion chamber. 

MEANS TO SOLVE THE PROBLEM 

A gas turbine that adopts a catalyst combustion chamber as a combustion chamber 
and comprises a heat exchanger for heating a compressed gas utilizing a gas exhausted in 
an output turbine, the gas turbine further comprising a reflux passage such that a catalyst 
at a temperature below its active temperature in the catalyst combustion chamber is fed to 
the inlet of a compressor. 
0007 

OPERATION 

In the gas turbine of the present invention utilizing a catalyst combustion 
chamber, when a catalyst's temperature is below a given temperature, a combusted gas, 
which is the tail stream of the combustion chamber or an exhausted gas is fed to the 
compressor's inlet. The heating rate of the compressed air is thus accelerated, thereby 
promoting heating of the catalyst. 
0008 

EMBODIMENTS 

Figure 1 is a configuration illustrating Embodiment 1 of the gas turbine [of the 
present invention] utilizing a catalyst combustion chamber, where compressor (CP) and 
output turbine (GT) are directly connected by shaft (S). Shaft (S) is further extended 
toward the compressor CP end and connected to, for example, load (L), which is a 
driving wheel of an automobile. 
0009 

The air compressed by compressor (CP) and blown into [the inlet] is supplied to 
catalyst combustion chamber (CC) [typo?: may be "CCT"] via the incoming end of the 
passage in heat exchanger (HX). In catalyst combustion chamber (CC) [typo?: may be 
"CCT"], fuel (FF) is mixed with a compressed air and bums to generate a combusted gas, 
increasing its volume. [The combustion] performs some work in output turbine (GT) and 
the combusted gas is discharged into the atmosphere via so called "(goguchi) catalyst" 
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(CT) that removes nitrogen oxides (NOx) through exhaust gas passage (EP) of heat 
exchanger (HX). Note that exhaust shut-off valve (EV) for shutting off the exhaust gas 
flow is provided in exhaust gas passage (EP). 
0010 

The catalyst combustion chamber (CC) [typo?: may be "CCT"] comprises: a fuel 
injection valve (INJ) for injecting fuel; an ignition plug (PL) for flame combustion at the 
time of starting [the turbine]; and a catalyst combustion chamber (CCT) for catalyst 
combustion. Reflux passage (RP) is provided in such a manner that it links the 
downstream of catalyst combustion chamber (CC) [typo?: may be "CCT"] to the intake 
port of compressor (CP). A reflux shut off valve (RV) is provided in reflux passage (RP) 
to shut off the flow therein. 
0011 

Down stream of catalyst combustion chamber (CC) [typo?: may be "CCT"] is 
provided a temperature measurement means (TC), which is a thermocouple, to input 
[data] to controller (CNT). Controller (CNT) outputs control signals to fuel injection 
valve (INJ), ignition plug (PL), exhaust shut off valve (EV), and reflux shut off valve 
(RV). The passage illustrated by a thick solid line represents the passage through which 
compressed air and combusted gas flows during flame combustion that is provided when 
a catalyst (CCT) is below a given temperature. 
0012 

At this stage, the gas turbine is driven by, for example, a cellular motor as a 
driving device, when the exhaust shut off valve (EV) is "closed" and reflux shut off valve 
(RV) is "opened", therefore, the combusted gas is fed at the intake port of the compressor 
through reflux passage (RP) and then compressed again by a compressor to be fed to the 
combustion chamber again, consequently reducing the time required for heating the 
catalyst to over a given temperature before the catalyst is supplied to the combustion 
chamber. 
0013 

When it is realized that the combustion temperature measured by a temperature 
detection means (TC) is above a given temperature, controller (CNT) outputs the "close" 
command for several hundred milliseconds to fuel injection valve (INJ) to terminate the 
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flame combustion thereof. At the same time, controller (CNT) outputs the "close" 
command to reflux shut off valve (RV) to shift the operation to the standard operation 
mode. 
0014 

Figure 2 is a diagram illustrating Embodiment 1 in which the gas flow is in the 
standard operation mode. The combusted gas or an exhausted gas flows through the 
passage represented by a thick solid line. In Embodiment 1, the combusted gas is 
circulated before it flows into the output turbine, as a result, this embodiment can quickly 
heat a catalyst (CCT). Nonetheless, Embodiment 1 has a drawback in that its operation is 
not automated and a driving device is required for continuous operation. 
0015 

Figure 3 is a configuration illustrating Embodiment 1 in which the exhausted gas 
is circulated after performing some work in the output turbine, hi Embodiment 2, a 
trigonal valve (TV) is replaced with a reflux shut off valve (RV) and an exhaust shut off 
valve (EV). That is, the trigonal valve (TV) is provided on the exhaust passage between 
output turbine (GT) and NOx removing catalyst (CT): its inlet being connected to the 
output turbine; its first discharge port to reflux passage (RP); and its second discharge 
port to exhaust passage (EP). 
0016 

Figure 3 illustrates gas flow at the start up point of Embodiment 2. The gas after 
being exhausted through some work in output turbine (GT) is fed from the inlet of 
trigonal valve (TV) to the compressor's inlet via first discharge port and reflux passage 
(RP). Figure 4 is a diagram showing the gas flow of Embodiment 2 in the standard 
operation mode: as the combusted gas at the discharge port of combustion chamber (CC) 
goes beyond a given temperature, trigonal valve (TV) is switched such that the exhausted 
gas is discharged through NOx removing catalyst (CT). 
0017 

In Embodiment 2, the time required for operating the driving device can be short, 
however, the time required for heating catalyst (CT) may be somewhat lengthy because 
the gas fed at the inlet of the compressor (CP) is cooled off Figures 5 and 6 illustrate 
first and second alternate examples in which the trigonal valve (TV) is provided at 
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different locations: Trigonal valve (TV) is provided at the exit of NOx removing catalyst 
(CT) as illustrated in Figure 5; and trigonal valve (TV) is provided at the exit of heat 
exchanger (HX) as illustrated in Figure 6. 
0018 

The first alternate example illustrated in Figure 5 is capable of heating NOx 
removing catalyst (CT) but the time required for heating catalyst combustion chamber 
(CCT) increases due to the temperature of the circulated gas being lower than that of 
Embodiment 2. In the second alternate example illustrated in Figure 6, NOx removing 
catalyst (CT) and heat exchanger (HX) can be heated but it takes a longer time to heat 
catalyst combustion chamber (CCT). 
0019 

ADVANTAGEOUS EFFECTS OF THE INVENTION 

The gas turbine of the present invention utilizing a catalyst combustion chamber 
is capable of reducing the time required for heating a catalyst in the catalyst combustion 
chamber taking advantage of the reflux of a combusted or exhausted gas during start- up 
of the gas turbine. The gas is returned from the passage at the downstream of the 
combustion chamber to the intake port of the compressor. The time required for heating 
the catalyst in the catalyst combustion chamber is thus reduced. 
0020 

Further, the need for reheating the heat exchanger, that arises when the heat 
exchanger is heated by compressed air and the operation, is shifted to the standard 
operation mode. The fuel efficiency can thus be improved as well. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a configuration illustrating Embodiment 1. 

Figure 2 is a diagram illustrating the gas flow of Embodiment 1 in the standard 
operation mode. 

Figure 3 is a configuration illustrating Embodiment 2. 

Figure 4 is a diagram illustrating the gas flow of Embodiment 2 in the standard 
operation mode. 

Figure 5 is a configuration illustrating a first alternate example of Embodiment2. 
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Figure 6 is a configuration illustrating a second alternate example of Embodiment 
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REFERENCE SYMBOLS 

CP . . . compressor 

GT . . . output turbine 

CC . . . combustion chamber 

HX . . . heat exchanger 

L...LOAD 

S ... shaft 

CT . . . NOx removing catalyst 
RV . . . reflux shut off valve 
RP . . . reflux passage 
EV . . . exhaust shut off valve 
EP . . . exhaust passage 
CNT . . . controller 
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FIGURE 1 

Configuration of Embodiment 1 (Gas Flow in the Start-up Operation Mode) 
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FIGURE 2 



Gas Flow in the Standard Operation Mode of Embodiment I 
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FIGURE 3 



Configuration of Embodiment 2 (Gas Flow in the Start-up Operation Mode) 
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FIGURE 4 



Gas Flow in the Standard Operation Mode in Embodiment 2 
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FIGURE 5 



Configuration of the First Alternate Example of Embodiment 2 
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FIGURE 6 



Configuration of the Second Alternate Example of Embodiment 2 
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